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Data-driven multiscale model of primary motor cortex microcircuits  (U01EB017695)

Methods

1.  Data-driven model of mouse M1 microcircuits with a) realistic cell densities and proportions, b) biophysically detailed cell models and 
c) long-range, local and dendritic connectivity based on cell type and normalized cortical depth (NCD).

2.  Exhibits firing rates and oscillations consistent with in vivo data;  2 pathways can trigger PT (corticospinal) output:
 a) sensory-related inputs (S1, S2, TPO) -> upper layer ITs -> PT ;  and  b) motor-related inputs (M2, TVL) -> PT 

3. HCN current (Ih) level modulates PT output and could be used as mechanism to translate motor planning into motor action.

4.  IT5A and PT5B response to IT2/3 stimulation depends of frequency, phase and PT Ih level.  

5.  Enables exploration of neural coding mechanisms and motor-related disorders (ALS, epilepsy, autism, OCD,  Parkinson’s, dystonia, ...)

6. Model, simulation and results were obtained using NetPyNE: a tool to facilitate the development, parallalel simulation 
and analysis of data-driven biological neuronal networks in NEURON (www.neurosimlab.org/netpyne)

NIBIB U01EB017695 :  “Microconnectomics of primary motor cortex: a multiscale computer model”
DOH01-C32250GG-3450000 :  “Institutional Support for Spinal Cord Injury Research”
NIH R01EB022903 (BRAIN Initiative): "Embedded ensemble encoding (EEE) theory"

Simplified 6 compartment and detailed 700+ compartment morphologies 
from 3D reconstructions.
Ionic channel distributions (Na, Kdr, Ka, Kd, HCN, CaL, CaN, KCa) constrained 
by literature and optimized to reproduce  in vitro f-I curve and voltage shape.
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Mouse 6-layer M1 with 10,171 neurons of 5 classes distributed in 15 populations
Full scale cylindric volume of 300 µm (diameter) x 1350 µm (cortical depth) with realistic cell densitites and ratios

 Combines connectivity data from several studies at multiple scales (long-range, local, dendritic) into unified model.
 Connectivity at all scales as a function of pre- and post-synaptic cell type and normalized cortical depth (NCD). 

Long-range from other brain areas

 Local M1 microcircuits

(Harrison & Shepherd 2015, Suter et al 2013,  Anderson et al 2010,  Yamawaki et al 2015,  Tsai et al 2009,  Lefort et al 2009,  
Neymotin et al 2016,  Katzel et al 2011,  Wall et al 2016,  Oswald et al 2013,  Konstantoudak et al 2013,  Naka & Adesnik 2016)

Number of synapses per compartment shows
complementary distribution of synaptic inputs from VL vs S2 

VL thalamus -> PT

(Weiler et al 2008, Anderson et al 2010,  Suter et al 2015, Hooks et al 2013,  Kiritani et al 2012,  Lefort et al 2009,  Apicella et al 2011, Yamawaki & Shepherd 2015, Yamawaki et al 2015,  Naka & Adesnik 2016,  Katzel et al 2011,  Fino & Yuste 2011,  Mao et al 2011)
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Subcellular ChR2-assisted circuit mapping (sCRACM)

Dendritic distribution of synapses 

Synaptic density profile
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Spontaneous activity (driven by long-range inputs)

Response to pulse from S2 (sensory-related input)

Response to pulse from M2 (motor-related input)

· Spontaneous firing rates  exhibit distributions and spatial properties that match cortical data.
· Neural activity depends on cell class, cortical layer and sublaminar location, e.g. PT activity 
within layer 5B decreased with cortical depth.

· Pathway: sensory-related inputs 
--> upper IT --> PT 

· Sensory input + high Ih = 
high IT and low PT 

· Sensory input + low Ih = 
high IT and high PT 

· Statistically significant effect of Ih 
(N=5 wiring x 5 input seeds)

· Downregulation of Ih facilitates 
synaptic integration of inputs and 
increased PT output activity. 

· Potential mechanism to switch 
between motor planning and 
execution

· LFP oscillations in the beta and gamma 
range emerged in the absence of 
rhythmic external inputs.
· Information flowed from IT->PT but not 
opposite direction (peak in beta).

· Pathway: motor-related inputs 
--> PT (directly)

· Motor input + high Ih = 
low IT and low PT 

· Motor input + low Ih = 
low IT and high PT 

· Statistically significant effect of Ih 
(N=5 wiring x 5 input seeds)

· Additional simulations (not shown) 
look at 1) interaction between S2 
and M2 inputs as function of inter-
val between them; 2) information 
flow of long time-varying inputs re-
corded from mouse S2; 3) network 
resonance in response to L2/3 
inputs at different frquencies. 


